The wheel is a very important machine part. It is very often found in the construction of the vehicles. Therefore its dynamics must be studied properly. In the paper is presented the dynamical survey of a wheel which climbs on an inclined plane under the action of an active moment produced by an engine. The case of rolling without sliding was taken under consideration in the paper. The approach of the problem is a numerical one. The differential equations describing the movement of the motor wheel were written in matrix form. The paper also presents a method of removing of the constraint forces from the differential equations of motion.
NOMENCLATURE

INTRODUCTION
We will consider a wheel supported on an inclined plane and acted upon by a system of forces and couples as it is shown in the figure bellow (Fig.1) . We aim to perform the dynamics survey of this wheel namely that means its motion under the action of forces. 
WRITING DIFFERENTIAL EQUATIONS OF MOTION
The differential equations describing the movement of the motor wheel may be written in projections on the axis of the body fixed reference frame under the following matrix form [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] :
In the relationships (1) and (2) the terms involved may be written as follows:
In the relations (3-5) the exponent "T" indicates the transposition matrix operation. The torque of the active forces relatively to the origin O 1 , in projections on the body fixed reference frame T 1 (O 1 x 1 y 1 z 1 ) may be written as follows:
In the relation (8) the quantities involved have the following expressions:
The torque of the resistant forces relatively to the origin O 1 , in projections on the body fixed reference frame T 1 (O 1 x 1 y 1 z 1 ), may be written as follows:
In the relation (11) the matrix C has the following expression: 
The torque of the constraint forces in projections on the body fixed reference frame T 1 (O 1 x 1 y 1 z 1 ) taking into account the moment of rolling friction f M , may be written as follows:
In the relations (13) the quantities involved have the following expressions:
The torque of the gyroscopic forces in projections on the body fixed reference frame T 1 (O 1 x 1 y 1 z 1 ) may be written in matrix form as follows:
In the relation (16) (4) and (6) respectively.
EQUATIONS OF KINEMATIC CONSTRAINT
Between kinematical parameters of the rigid solid body the following constraint relations may be written:
In the relations (18) and (19) 1 O x and 1 O y represent the coordinates of the origin O 1 relatively to the fixed reference frame T (O x y z). In matrix form relations (18) and (19) will be written together as follows:
In the relationship (20) the quantities involved have the following expressions:
Using the relationship (2), the relationship (20) may be written in the following equivalent form:
In the relation (23) the expression of the column matrix v is given by the relation (4) and the matrix  L has the following expression:
In the relation (24) the expression of the matrix 1 R is given by the relation (9). If we derive the expression (23) with respect to time we will obtain:
In the relation (25) the expression of  L  is given by the following relation:
In the relation (26) the expression of 1 ω is given by the relation (17) .Using the relation (26) the relation (25) becomes:
Using the relation (24) the relation (27) becomes:
The relation (28) may be written under an equivalent form as follows:
In the next chapter we will present a method of eliminating the constraint forces from the differential equations of motion.
ELIMINATION OF CONSTRAINT FORCES FROM THE DIFFERENTIAL EQUATIONS OF MOTION
Constraint forces are unknown and therefore they must be removed from the differential motion equations. This section presents a method of eliminating the constrained forces from the differential equations describing the movement of the motor wheel. The differential equations of motion (1) may be written under the following equivalent form:
In the relation (30) the quantities involved have the following expressions:
We will multiply the differential equation (30) 
We will multiply the differential equation (33) to the left by the matrix  L and we will obtain:
Taking into account the relation (29) the relation (34) becomes:
In the relation (35) we will introduce the following notations:
Using the notation given by the relations (36-38), the relation (35) may be written as follows:
The constrained forces may be determined from matrix equation (39) as follows:
Finally a system of six differential equations system with six unknowns will be obtained. The system will be written as follows:
The system given by the relations (41) and (42) will be solved using numerical integration methods.
NUMERICAL APPLICATION
Using MATLAB software a computing program which solves the differential equations system was designed. The computing program contains the following input data:
In order to integrate the differential equations system, the following initial conditions are necessary:
  
The initial value of the self-rotation angle  1 is the following:
The dynamic study was performed for a period of ten seconds. The results are presented in the figures below ( Fig.2-5 ). The dynamics of the wheel was performed taking into account two distinct cases. In the first case the rolling friction has been taken under consideration by its effect, namely, the rolling friction moment f M . In the second case the rolling friction moment was ignored. Both results are presented in the above mentioned figures (Fig.2-5 ). In the figure 5 it is presented the variation of the abscissa 1 
O
x relative to the product between the radius of the wheel and the angle of selfrotation  1 which is supposed to be expressed in radians. The results presented in the figure 5 put into evidence the motion of pure rolling of the wheel taken under consideration. In other words the wheel rolls along the inclined plane and does not slide.
CONCLUSIONS
A dynamics survey from a numerical point of view has been presented in the paper. The differential equations which characterize the motion of a rigid solid body was written under a matrix form. In this way the MATLAB software elaboration was more easily. Using the numerical method presented in the paper we will obtain the values of all kinematical parameters for each moment of the wheel movement. In other words we will obtain the evolution in time of the position, velocity and acceleration of the wheel. The paper also presents an original method of constraint forces removing from the differential equations describing the movement of the motor wheel. This method is a very easy one because it is no more necessary to determine first the matrix expression of the orthogonal complement [10, 11] or natural orthogonal complement [5] . A determination method of constraint relations between kinematical parameters it is also presented in the work. The dynamic study may be continued with the determination of the values of the constrained forces for each moment of the movement.
